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{571 ABSTRACT

Mineral-filled thermosetting molding compositions
having both precision-molding or low-shrink charac-
teristics and also high abrasion resistance, plus other
desirable properties. “Low profile” molding composi-
tions, known to give smooth surface configurations,
have low-shrink properties which also give precision
molding characteristics of value in mechanically inter-
fitting molded parts, but have such poor abrasion re-
sistance as to be unusable for desirable applications.
Both low-shrink and high abrasion resistance are ob-
tained, with other desired properties, by including a
known abrasion-improving polyolefin and by using a
long-fiber asbestos as the reinforcing fiber, particu-
larly either chrysotile asbestos or that known as blue
asbestos or crocidolite.

21 Claims, 3 Drawing Figures
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1

PRECISION-MOLDABLE ABRASION-RESISTANT
MOLDING COMPOSITION AND MOLDINGS

BACKGROUND OF THE INVENTION

This invention relates to fiber-reinforced plastic
moldings, and particularly to moldings and molding
compositions which possess an especially advantageous
combination of properties for certain applications,
particularly a combination which includes both preci-
sion-molding properties and high abrasion resistance.

Thermosetting molding compositions containing

a contactor, and in many other applications, a degree
‘of precision is required which often exceeds that ob-

tainable by molding such compositions, and use of such

. compositions in these applications has required special
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steps to overcome warpage and secure accuracy, such
as machining to meet critical dimensions.

Improved precision-molding characteristics can be
obtained with certain ~mineral-filled thermosetting
molding compositions by using in the composition a
low-profile resin system which includes a “low-shrink”
component. Low-profile resin systems and molding
compositions are shown, for example, by the following

mineral fillers and reinforced . with mineral fibers are _ patents:
British No. 936,351 Publ. 9/11/68 F. J. Parker et al.
- British Industrial
Plastics Ltd.
U.S. Pat. No. 3,549,586 12/22/70 P. L. Smith ct al.
’ Union Carbide Corp.
U.S. Pat. No. 3,668,178 06/06/72 L. R. Comstock et al.
. Union Carbide Corp.
U.S. Pat. No. 3,701,748 10/31/72 C. H. Kroekel
. : C Rohm & Haas Company
U.S. Pat. No. 3,718,714 02/27/73 L. R. Comstock et al.

Union Carbide Corp.

widely used to provide electrical and mechanical com-
ponents having advantageous physical, chemical, and
electrical characteristics. .
For example, such compositions are employed to
form intricate moldings used as the housings and
frames of portable power tools and moldings used in
assembly with each other and with contacts and other
electrical elements to form electro-mechanical contac-
tors and the like which include a movable contact car-
rier actuated by a built-in solenoid. In such applica-
tions, the moldings are subjected to both rubbing abra-
sion and impact abrasion from movement of the
contact carrier and also to abrasion from electrical and
mechanical vibration. For such applications, moldings
made with mineral fillers such as aluminum hydrate,
glass fibers, and with polyester or epoxy resins have
many advantageous properties, for example, conve-
nient and economic manufacture, good dimensional
stability, high mechanical strength, good corrosion
resistance, and good electrical characteristics, includ-
ing high dielectric strength and high arc-resisting, arc-
quenching, and non-tracking properties, but such
moldings do not have adequate abrasion resistance.
It is known from Robert E. Wilkenson U.S. Pat. No.
3,397,169 that the abrasion resistance of such mineral-
filled thermosetting molding compositions can be sub-
stantially improved by the addition to the mineral-filled
thermosetting molding composition of a small propor-
tion of polyethylene or other polyolefin which is solid
at room temperature. In that U.S. Pat. No. 3,397,169,
the abrasion-improving addition is made to general
purpose thermosetting rtesin compositions, and the
patent specifically mentioned polyester resins which
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contain free-radical initiators and modified epoxy res- -

ins such as epoxy-acrylate resins which are reactive in.

the presence of a free-radical catalyst.

The compositions of that prior Wilkinson patent have
a relatively high degree of shrinkage during curing,
with the result that they do not have precision-molding
characteristics and moldmgs made therefrom are sub-
ject to warpage and do not have high precision and
accuracy. In moldings which are to form the assembled
parts of an electro-mechanical relay or switch, such as

60

In general, these use a low-profile resin system which
includes a thermosetting unsaturated polymer such as a
polyester and a monomer such as styrene, and includes
as a low-shrink additive therein a thermoplastic poly-
mer which is soluble in the monomer but is not con-
verted to a thermosetting material by or in the presence
of the polymerization of the resin system.

These low—proﬁle compositions were developed pri-
marily to improve the surface finish of moldings which
were to be painted and on which an especially smooth
surface was needed. The same low-shrink characteris-
tics which give good surface finish also give precision
molding characteristics which are highly desirable in
forming moldings which require high mechanical accu-
racy. It is found, however, that the low-profile molding
compositions have very poor abrasion resistance, and
while the teachings of the Wilkinson U.S. Pat. No.
3,397,169 may be used to improve the poor abrasion
resistance of .low-profile compositions, the improve-
ment is not sufficient to overcome the poor abrasion
resistance, and the resulting moldings do not have ade-
quate abrasion resistance for the applications here
contemplated. ‘

This failure was especially critical in the development
of an improved electro-mechanical contactor switch in
which both precision molding and high abrasion resis-

.tance were essential, along with other properties pro-

vided by mineral-filled thermosetting polyester mold-
ing compositions. There are numerous other applica-
tions where this combination of properties would be of
high value.

By precision moldmg properties, we mean that the
composition may be molded in precision dies and will
form molded parts in which little or no shrink ‘occurs
during cure and which match the dies with a high de-

" gree of precision, for example, with a variance there-
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from of not to exceed +0.0005 inch per inch and with
little or no warpage or distortion. This compares with a
variance of £0.003 inch per inch or more and warpage
problems with corresponding moldings made with gen-
eral purpose molding composition of a comparable
formula not including a low-profile resin system. This is
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an improvement by a factor of 6 in an accuracy range
which is already highly exact. )

. The very poor abrasion resistance of low-profile
molding compositions is not well understood, but it
evidently involves the resin system and its characteris-
tics and behavior in relation to the fillers. and reinforc-
ing fibers and other components of the composition.

SUMMARY OF THE INVENTION

In accordance with the present invention, both preci-
sion-molding characteristics and abrasion resistance
are obtained in a mineral-filled thermosetting molding
composition, along with other necessary properties, by
incorporating in a low-profile molding composition an
abrasion-improving additive as taught by U.S. Pat. No.
3,397,169, and also by using as at least the primary
reinforcing fiber therein a long-fiber asbestos, prefer-

15

ably either chrysotile asbestos or that known as blue -

asbestos or crocidolite. Desirably, such asbestos consti-
tutes a substantial part of the mineral filler in the com-
position, and constitutes the entire reinforcing fiber.

A molding composition in accordance with the pre-
sent invention comprises the following components in
proportions given. Proportions are by weight.

a. A low-profile resin system including a thermoset-
ting resin, 2 monomer and solvent, a catalyst or
initiator, and a low-shrink additive. This resin sys-
tem desirably constitutes from 15% to 60% of the
composition. The low-shrink additive may com-
prise from 1% to 60% or preferably from 5% to
40% of the resin system, and from about 1% or less
up to about 25% of the total composition.”

b. From 40% to 85% of mineral filler of which up to
one-half is mineral fibrous material. The fibrous
material is at least largely and preferably entirely
long-fiber asbestos. ' We have had good results with
and prefer to use either chrysotile asbestos or that
kriown as blue asbestos or crocidolite. Such asbes-
tos desirably constitutes from 5% to 40%, and pref-
erably from 5% to 25%, of the total composition.

From % of 1% to 10% of an abrasion-resistant
additive as disclosed in U.S. Pat. No. 3,397,169,
preferably polyethylene, and

d. Minor amounts of supplementary ingredients such
as processing aids, colorants, mold release agents,
etc., in accordance with known practicés in the
compounding and molding art.

The low profile resin system used may be any of such
known systems as represented by those disclosed in the
‘patents listed above and which employ a polyester-type
thermosetting resin.- The polyester resin is desirably a
free-radical initiated polyester. Such resins are com-
monly obtained or compounded to include free-radical
initiators or catalysts and the present invention does
not depend on the use of any particular initiator. The
system also contains a monomer which is usually a
solvent for the polyester and which copolymerizes
therewith. On the basis of availability and cost, styrene
is widely used as such monomer and solvent, and is
suitable for use here. . :

The resin system also includes a low-shrink additive.
This may be any of the many thermoplastic polymers
disclosed in the patents listed above. In general, these
comprise thermoplastic polymers which are soluble in
the monomer of the resin system or a monomer com-
patible therewith, and which are not converted to ther-
mosetting materials by the polymerization reaction of
the resin system. The additives are preferably added to
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the resin system and mixed therewith before the resin
system is mixed with the fillers.

Low-shrink ‘additives which may be used in the resin
systems .include: . ‘

polymers of vinyl acetate, such as copolymers of
vinyl acetate and acrylic or methacrylic acid, as dis-
closed in U.S. Pat. No. 3,718,714,

* polymers of substances having a polymerizable reac-
tive CH;=C= group such as polymers of methylmethac-
rylate and the like, and styrene, and copolymers
thereof with othér compounds, as disclosed in part in
British Pat. No. 936,351 and more fully by U.S. Pat.
No. 3,701,748; and - :

polymers of cyclic esters, such as caprolactone and
other lactones as disclosed in U.S. Pat. Nos. 3,549,586
and 3,668,178.

The mineral fillers used, other than the fibrous asbes-
tos mentioned below, may be any of a large number of
fillers and mixtures of fillers which are known and used
in the art, and may be selected from the following typi-
cal groups: calcium carbonate, clay, silica, talc, alu-
mina, hydrated alumina, calcium sulfate, calcium sili-
cate, antimony trioxide, etc. For electrical applications
requiring arc-resistance, the composition desirably
includes from 30% to 70% of hydrated alumina. For
other applications, the amount of hydrated alumina
may range from none to 70% and other fillers may be
used.

The mineral fiber used is at least largely and prefer-
ably substantially entirely ‘a long-fiber asbestos prod-
uct, as more fully discussed below. Use of the asbestos
is primarily to enhance abrasion resistance while also
providing adequate strength and other properties, and
hence it should be used on parts or at surfaces which
are ‘subject to abrasion. It is contemplated that other
fibers or special compositions may be used at particular
locations in a molding where extra strength or other
characteristics than abrasion resistance are of prime
importance. For example, glass fiber reinforcement
may be used at selected locations subject to high stress,
or special arc-resistant materials may be included at
surfaces exposed to arcing. ’

Asbestos occurs in a number of differént grades and
in six recognized varieties, including a fibrous form
known as chrysotile and five minerals of the amphibole
group. These have been used as fillers and reinforcing
materials and especially as thickeners in various ther-
moplastic and thermosetting resin compositions, as set
forth, for example, in articles thereon in recent editions .
of Modern Plastics Encyclopedia. However, we believe
it has not been known that any of the different varieties
of asbestos could have the effect of overcoming the
very poor abrasion resistance which occurs in low-
profile molding compositions. Indeed; the 1969-70
edition of Modern Plastic Encyclopedia notes that one
of the disadvantages of asbestos as a fiber reinforce-
ment is its abrasiveness.

‘In accordance with the present invention we have
found that for the purpose of enhancing abrasion resis-
tance in compositions of the present invention, the
asbestos to be used is preferably a grade designated
commercially as “long-fiber” asbestos, and is prefer-
ably either ‘chrysotile asbestos such as that available
from Johns-Manville Company under the trademark
“Plastibest”, or that known as blue asbestos or crocido-
lite.” LT ‘ ‘ ' :
Asbestos has a thickening effect in molding composi-
tions, in which réspect it differs substantially from the
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commonly used glass fiber, and the maximum usable
proportion of asbestos is limited by the necessity to
avoid such excessive thickening as would interfere with
the desired molding results in the particular molds
used.

The composition also includes an abrasion resistance

additive in accordance with the teachings of Wilkinson
U.S. Pat. No. 3,397,169. Such abrasion-resistant addi-
tive is a polyolefin which is solid at room temperatures.
In compositions containing a free-radical initiated resin
and a free-radical catalyst, the added polyolefin is be-
lieved to chemically react and cross link with the resin
to maintain or improve physical properties of the fin-
ished moldings. The term ‘“polyolefin™ applies to a
known group of synthetic resins of which polyethylene
and polypropylene are presently the most readily avail-
able and preferred polymers. The group comprises
various classes or types of polyethylenes, including the
low-density or branched-chain polymers, the high-den-
sity or linear polymers, and the medium-density poly-
ethylenes. The group also includes polyethylene co-
polymers produced by copolymerizing the polyethy-
lene with a minor proportion of an alpha-olefin such as
propylene or butene-1 or an acrylate for the purpose of
modifying certain characteristics, and these may be
used. The preferred polyethylene is desirably used in an
amount of from 2% to 5% of the composition.
. The preferred method of making a molding composi-
tion in accordance with the present invention differs
somewhat from conventional practices with glass-filled
compositions, because of the different characteristics
of asbestos from those of glass fiber. The asbestos has
absorbent and thickening properties, and whereas glass
is usually added last, the asbestos is desirably thor-
oughly mixed with the resin system before the other
fillers are added. Compounding may be as follows:
First, the resin system is charged to a mixer such as a
sigma blade mixer and preliminary mixing is carried out
as needed to obtain a uniform composition of the resin
system. In some cases, the thermoplastic and thermo-
setting resins are not mutually or fully soluble in the
monomer solvent and mixing is necessary to secure a
uniform blend or suspension of the two. The asbestos is
then added and mixing continued, as for thirty minutes
or so, until thorough disperison and wetting of the two
components is obtained. The other filler and the abra-
sion-improving additive are than added, either together
or in succession and mixing is continued until a uniform
blend is obtained. The minor amounts of supplemental
components may be added at any appropriate times
depending on their physical character, that is, liquid or
soluble components may be added to the initial resin
system, while dry powdered components such as color-
ants may be added either separately to the resin system
or with one of the major dry components.

The composition may be molded under heat and
pressure in the same way as known low-profile compo-
sitions. For example, a measured charge of the compo-
sition is placed in a heated mold, for example, at 300°
F., and the mold is closed on the material under pres-
sure and held for a time, for example, from | to 3 min-
utes, sufficient to cause polymerization and cure of the
composition. The molded piece is then removed from
the die.

Moldings produced with the compositions of the
present invention have advantageous properties corre-
sponding to those of the best previously mineral-filled
thermosetting polyester rtesin compositions. These
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comprise good electrical properties including high die-
lectric, area-quenching, arc-resistant, and non-tracking
properties. The compositions have good moldability
and consistently give uniform moldings. The moldings
have high dimensional stability, good corrosion resis-
tance, and satisfactory physical strength. The moldings
are outstanding in the precision and accuracy with
which they conform to the shape and dimensions of the
molding dies, in their freedom from shrink deformities
and surface imperfections and warpage, and in the high
degree of abrasion resistance which they possess in
combination with the other advantageous properties
which are essential to the highly demanding applica-
tions here contemplated. The combination of proper-
ties makes the new compositions economically advan-
tageous both in production and use, and permits the
moldings to meet precise dimensional requirements

“and high wear-resistant requirements as molded, with-

out need for machining, clamping, or other special
treatment of the molded units.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate the invention.
In such drawings:

FIG. 1 is an exploded isometric view of a set of mold-
ings for assembly to form the frame and movable
contact-carrier for an electro-mechanical contactor;

FIG. 2 is a diagrammatic side elevation of a test de-
vice in which abrasion resistance is indicated by the
depth to which a vibrating metal ball penetrates a test
sample in a predetermined time; and

FIG. 3 is a diagrammatic side elevation of a test de-
vice in which abrasion resistance is indicated by the
depth of penetration of the corner of one test sample
into the face of another test sample vibrated against the
first. ‘

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The set of moldings shown in FIG. 1 are for assembly
to form the base, frame, and movable contact carrier of
an electro-mechanical contactor which also includes
various electrical comporients and is used to control
the power circuit of a motor or other electrical load.
The moldings. are shown in FIG. 1 in an orientation
which was found convenient for purposes of illustra-
tion, but are normally used in a different orientation,
rotated 90° clockwise from the orientation shown. The
contactor moldings comprise a base unit 10 having a
rear mounting wall 12 which in use is mounted against
a vertical panel support, and having an end or bottom
wall 14. The base is formed with spaced ribs 16 which
form rails having slideway surfaces 18 for engagement
by the slide-bearing surfaces of the cross bar 20. The
base molding 10 is also formed at the lower end of its
mounting wall 12 with a series of parallel grooves and
ribs 22 which form guides for mating ribs and grooves
formed on a hidden portion of the cross bar 20. The
base molding 10 also has a pair of posts 24 spaced from
each other and from the end wall 14, and the space
between the posts and wall forms a cavity for the recep-
tion of the solenoid coil and core of the contactor.

The cross bar 20 is a generally U-shaped member
having a front or top cross wall 26 and two side walls
28. The upper and lower edges of the side walls 28
define slide-bearing surfaces 30, one pair of which rides
on the slideway surfaces 18 of the ribs 16. The rear of
the cross bar has a pair of inturned flanges 32 which are
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interconnected by a cross piece (hidden in this view)
which carries a series of ribs and grooves that engage
the grooves and ribs 22 of the base molding 10. The
cross wall 26 of the cross bar carries three yokes 34 in
which the movable contacts of the contactor are
mounted. :

A cover molding 40 mounts against the ends of the
posts 24 and the edge of the end wall 14 of the base
molding 10. It includes side walls 42 which at their
edges define slideway surfaces 44 which slidably en-
gage the upper pair of slide-bearing surfaces 30 of the
cross bar 20.

An arc hood 46 fits against the end face of the assem-
bled base molding 10 and cover molding 40 and has
lugs 48 which fit into sockets 50 formed in the mount-
ing wall 12 of the base 10. Such arc hood 46 carries
three sets of fixed contacts on its inner face, in suitably
formed cavities and in position to be engaged by the
movable contacts carried in the yokes 34 of the cross
bar 20. The arc hood 46 has three spaced passages 52
into which the yokes 34 of the cross bar project and in
which they move as the contacts are closed. The end
face of the arc hood 46 is closed by an arc hood cover

- 54 which interfits with the art hood and is secured in
place with a pair of screws. There is also an arc hood
top cover 56 which interfits with the arc hood. The
moldings together define an arc chamber about each
set of contacts, to enclose them and isolate them from
each other.

In an assembled motor contactor unit, the mounting
wall 12 of the base molding 10 stands in a vertical
position, with the wall 14 at the bottom thereof. The
cross bar 20 is oriented with its yokes 34 at the top, and
surrounds the solenoid coil. Its flanges 32 are fixed to
the armature of the solenoid so that energization of the
solenoid lifts the cross bar vertically upward to carry its
contacts into engagement with the fixed contacts car-
ried by the arc hood. The cross bar is urged downward
(rearward as shown) to open position both by gravity
and by springs mounted in the assembly.

The several moldings have precise interfitting en-
gagements so as to define an accurate slideway and
bearing surfaces for the cross bar, to support it for free
and accurate sliding movement in response to actua-
tion and deactuation of the solenoid coil. The cross bar
slides directly on the other moldings without interposed
bearings or wear plates. The moldings support the
contacts and other electrical components in precisely
located positions. They also form interrelated ribs and
walls which define the arc chambers and enclose and
separate the three sets of contacts from each other.
They also support and insulate the various other elec-
trical components. The assembly forms a highly com-
pact unit which performs a variety of both physical and
electrical functions and is subject to both physical and
electrical stress. In operation its parts are subjected to
rubbing wear from movements of the cross bar, to
impact wear as such movements stop, and to vibration
wear from alternating current hum. They must with-
stand high electrical potential and the effects of arcing
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from contact closings and openings. The moldings are -

intricate interfitted parts, which require both precision-
molding characteristics and high wear and abrasion
resistance in the molding compositions of which they
are made, so as to withstand millions of operations and
provide a long operative life. The moldings must also
have essential electrical characteristics including high
dielectric strength, good arc-resistance and non-track-
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ing properties, and good physical characteristics in-
cluding adequate strength and especially precise di-
mensional control during formation in the molding step
and high dimensional stability and freedom from war-
page and distortion. Prior molding compositions did
not provide necessary combination of properties to
satisfy these requirements, whereas compositions of the
present invention do provide such critical properties
and make the improved contactor feasible.

The presence of many of these properties can be
determined by inspection or known tests. Tests for
abrasion resistance have been conducted on various
types of equipment, designed to simulate conditions
encountered in use. Two types of test equipment we
have found useful are illustrated in FIGS. 2 and 3 of the
drawing.

In the test apparatus of FIG. 2, a test sample 60 is
fixed on a support 62 and a steel ball 64 is vibrated in
contact with the sample, under a predetermined load,
by a vibrator 66. The depth of ball penetration in a
given time, for example one hour, indicates the resis-
tance of the sample to abrasion resulting from mechan-
ical or electrical vibration.

In the test apparatus of FIG. 3, one test sample 70 is
fixed on a support 72 and a second sample 74 is
mounted on an angle block 76 in contact with a corner
of the first sample 70, under a predetermined pressure.
The angle block 76 and second sample 74 are vibrated
by a vibrator 78 for a specified length of time, for ex-
ample one hour, and the depth of penetration into the
surface of the test sample 74 is taken as an indication of
the abrasion resistance.

The invention is illustrated by the following exam-
ples, which are given as typical and representative, and
not as limiting.

In such examples, the proportions given are by
weight. In each test on the apparatus of FIGS. 2 and 3,
a group of five test samples were tested under standard-
ized test conditions for test periods of 1 hour, and the
abrasive penetration results given represent the results
on all five samples. The numerical values-given for
abrasion penetration represent depth of penetration
measured on a standardized scale.

EXAMPLE 1

As representative of the prior art general purpose
molding compositions, moldings were made from a
molding compound containing 25% of a general pur-
pose polyester resin system including polyester poly-
mer, a monomer, and a catalyst or initiator. The com-
pound also contained 15% glass fiber and 60% mineral
filler, and compounds were made both with and with-
out the addition of 3% polyethylene in accordance with
the teachings of U.S. Pat. No. 3,397,169. The com-
pounds corresponded to those of Example 2 of that
patent. Test samples of such moldings gave the abra-
sion resistant results shown in Items 1a and 15 of Table
I set forth below. It will be seen that the presence of 3%
polyethylene in this glass-filled, general purpose com-
pound produced substantial improvement of both vi-
bration abrasion resistance (FIG. 2) and rubbing abra-
sion resistance (FIG. 3).

EXAMPLE 2

Moldings were made from a known low-profile mold-
ing compound containing 24% of a low-profile resin
system, containing a free-radical initiated polyester
polymer, a monomer and solvent, specifically styrene, a
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free-radical initiator or catalyst, and a thermoplastic
polymer low-shrink additive. The-compound also- con-
tained 15% glass fiber, 61% filler (hydrated alumina),
and minor amounts of supplementary components.
Moldings of the same composition with. the further
addition of 3% polyethylene powder were also pre-
pared. Test samples of such moldings gave the abrasion
resistance results reported in Items 2a and 2b of Table
L. It will be seen that the low-profile compound without
polyethylene had much lower abrasion resistance than
the general purpose composition, and that while the
addition of 3% polyethylene substantially improved the
abrasion resistance, the abrasion resistance of the im-
proved compound was significantly inferior to that of
the general purpose compound with polyethylene in
the vibration test apparatus of FIG. 2 and greatly infe-
rior to the general purpose composition either with or
without polyethylene on the rubbing abrasion appara-
tus of FIG. 3. Thus, the low-profile compound with the
abrasionimproving polyethylene additive gave a rub-
bing abrasion test result of 2.4 which is substantially
higher than the 1.7 given by the general purpose com-
position without polyethylene, and even worse in com-
parison with the test result of 1.0 given by the general
purpose composition with polyethylene.

Sets of test moldings were prepared as shown in FIG.
1, in which the base molding 10, the cover molding 40,
and the cross bar 20 which slides on the other two were
made from the low-profile glass-filled composition con-
taining 3% polyethylene of this Example 2, and such
moldings were furnished to an electrical apparatus
manufacturer for assembly and test in an electro-
mechanical contactor. We are advised that the mold-
ings were assembled with other parts to form operating
contactors and that these were subjected to cycling
tests to measure wear resistance and operating life
under operating conditions, and that such contactors
were found unsatisfactory because of excessive abra-
sion and wear of the moldings.

It is pointed out that abrasion and rubbing wear
occur primarily between the cross bar 20 and the com-
bined base 10 and coil cover 40 which form the slide-
way in which the cross bar 20 moves and with which it
has sliding contact; and that the arc hood 46 and its
covers 54 and 56 are subjected to less physical wear,
and that is substantially all vibration wear and not rub-
bing wear. On the other hand, the arc hood 46 and its
covers 54 and 56 define the arc chambers of the device
and are subjected to substantial arcing exposure. Be-
cause of these differences, the arc hood 46 and its
covers 54 and 56 may be molded of a composition
which is compounded to produce maximum arc resis-
tance, even at the expense of some loss of abrasion
resistance, whereas the base 10, cross bar 20, and cover
40 which are subjected to critical rubbing wear and
abrasion and less arc exposure should be made of a
compound having maximum abrasion resistance even
at the expense of less arc resistance.

EXAMPLE 3

Moldings were made from a molding composition in

accordance with the present invention, containing 29%

of the low-profile resin system used in Example 2, 15%
of the particular asbestos known as blue asbestos or
crocidolite, 3% polyethylene, and 53% alumina hydrate
filler. Test samples of such moldings gave the abrasion
resistance results shown in Item 3a of Table 1. It will be
seen that on the vibration resistance test with the appa-

10
ratus of FIG. 2, the low-profile composition in accor-
dacne with the invention gave a test result of 0.6 which
is a substantial improvement over the 1.0 result with

. the low-profile glass-filled compound containing the

polyethylene abrasion-improving additive, and was
better than the 0.7 result obtained with the general
purpose composition containing polyethylene. The
improvement in the rubbing abrasion test with the ap-

~ paratus of FIG. .3 was even more pronounced. The
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‘low-profile asbestos-filled compound with polyethy-

lene, in accordance with the present invention, gave a
test figure of 0.3 which was an improvement by a factor
of 8 over the 2.4 result given by the low-profile glass-
filled compound containing polyethylene. The result
was also a substantial improvement over the 1.0 result
obtained with the general purpose compound contain-
ing polyethylene. This rubbing abrasion result was par-
ticularly important for the purpose of molding the con-
tactor components shown in FIG. 1 which are sub-
jected to rubbing wear, namely, the cross bar 20, the
base molding 10, and the cover molding 40.

Test moldings were made as shown in FIG. 1 in which
the base molding 10, the cross bar 20, and the cover 40
were molded of the composition of this Example 3
while the arc hood 46 and its covers 54 and 56 were
made of an arc-resistant composition. The moldings
were. furnished to the manufacturer for test use in an
electro-mechanical contactor. We are advised that
various wear-resistance, abrasion-resistance, and like
tests were made using a combination of moldings made
from the asbestos-filled compound containing propyl-
ene of Example 3 and from the low-profile glass-filled
compound containing polyethylene of Example 2a. We
are advised that the wear life was improved by using a
cross bar 20 made of the compound of Example 3 with
a base 10 and cover 40 made of the low-profile glass-
filled compound containing polyethylene of Example 2,
but that the wear results were not fully satisfactory. We
are further advised that satisfactory results were ob-
tained only when the base, cross bar, and coil cover
were all made from the low-profile asbestos-filled com-
pound containing polyethylene of Example 3 in accor-
dance with the present invention.

The test results referred to in Examples l 2,and 3

are given in the following table:
TABLE I
Test Results
Example Composition FIG. 2 FIG. 3
la General purpose;
no polyethylene 2.5 1.7
1b General purpose; .
- plus 3% polyethylene 0.7 1.0
2a Low-profile, glass-filled;
. no polyethylene 5.0 13.0
2b. Low-profile, glass-filled; .
3% polyethylene 1.0 24
3a Low-profile, crocidolite- ’
filled; 3% polyethylene 0.6 0.3

EXAMPLE 4

Moldings were made from a molding composition in
accordance with the present invention, containing 30%
of the low-profile resin system used in Example 2, 15%
of long-fiber chrysotile asbestos (obtained from Johns-
Manville under the trademark “Plastibest™), 3% poly-
ethylene, and 53% alumina hydrate. Test samples of
such moldings were tested in comparison with the low-
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profile, glass-filled, polyethylene containing composi-
tions of Example 2 (sample 2b in Table 1), and with the
composition of Example 3 (sample 3a of Table I). Tests

were run both on the apparatus of FIG. 2 and on that of .

FIG. 3, and in each case a number of samples were
tested for the same specified time, the depth of wear
penetration on each test sample was measured in thou-
sandths of an inch, and the average obtained for each
composition. The results were as follows:

TABLE II
Test Results
Example  Composition FIG. 2 FIG. 3
4a (2b) Low-profile, glass-filled;
3% polyethylene 1.3 2.0
4b (3a) Low-profile, crocidolite-
- filted; 3% polycthylene 0.35 0.12
4c Low-profile, chrysotile-
“filled; 3% polyethylene 0.36 0.12

The results for test samples 4a were similar to those
obtained with the same glass-filled composition in test
samples 2b reported in Table 1. The test samples 4b of
the same composition as in Example 3, containing blue
or crocidolite asbestos in accordance with the present
invention, again gave results showing a substantial im-
provement in wear resistance over the glass-filled sam-
ples 4a. The test samples 4¢ of the composition of this
Example 4, containing long-fiber chrysotile asbestos in
accordance with the present invention, gave results
nearly the same as samples 4b and likewise showed a
substantial improvement by a factor of nearly 4 over
the correspondmg glass-filled composition.

EXAMPLE 5

The proportions of the ingredients of compositions in
accordance with the present invention may be varied
from those given in Examples 3 and 4, over a range
previously set forth in this specification. Examples of
compositions containing different proportions of such
comporents are as follows:

Composition-

Component 5A 5B 5C 5D
Low-profile resin system 20% 25% 30% 40%
Asbestos 5% 10% 15% 25%
Filler 2% 62% 52% 32%
Polyethylene 3% 3% 3% - 3%

Various other examples might be given. The resin
system should be present in sufficient amount to pro-
vide adequate binder for the molded: products and
adequate plasticity to the composition, and may range
up to 60% or more of the basic composition. The top
limit of resin is usually a matter of economics. The
asbestos should be present in a significant amount of at
least 5% and its top amount may be limited by its thick-
ening effect on the composition. The nature and quan-
tity of the other filler may follow conventional prac-
tices, and the amount may vary over a wide range from
about 20% to about 80% of the composition. The na-
ture and quantity of abrasion-improving additive may
follow the teachings of U.S. Pat. No. 3,397,169.

The improved composition made in accordance with
the invention, as particularly exemplified by Examples
3 and 4, provide and especially advantageous combina-
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tion of propertles The low-profile resin system pro-
vides precision moldings which have zero shrink or
substantially zero shrink, for example, less than 0.0005
inch per inch, so that the moldings precisely reflect the
size :and shape of the dies, and incur substantially no

‘warpage or distortion when removed from the dies. The

moldings can thus be made with good surface flatness
and' accuracy and in intricate interfitting shapes as
required, for example, in the improved contactor mold-
ings shown in FIG. 1 and in other applications where
precise dimensions and alignment are required. The
moldings also have good dimensional stability so that
the design precision is maintained. Most importantly,
the moldings have good abrasion resistance which in
combination with low-profile characteristics of good
surface flatness and accuracy permits moldings to slide
or otherwise bear on each other without intervening
wear plates and provides long wear life. The composi-
tions also provide good electrical characteristics and
satisfactory physical strength as needed in demanding
electrical and mechanical applications.

The foregoing specification sets forth specific com-
positions. and structures in considerable detail for the
purpose of exemplifying the invention and indicating
modifications. It will be understood that various other
modifications may be made by those skilled in the art
without departing from the spirit of the invention or the
scope of the following claims.

We claim:

1. A molding composition adapted to undergo ther-
mosetting reaction under molding conditions to pro-
duce a molding having both low-shrink characteristics
and high abrasion resistance, comprising from 15% to
60% by weight of a low-profile resin system containing
a free-radical initiated thermosetting polymer, a free-
radical initiator therefor, a copolymerizable monomer,
and a thermoplastic resin low-shrink additive,

from about 5% to about 40% of long fiber asbestos,

such asbestos constituting substantially the entire
fiber content of the composition,

from about 20% to about 80% of other mineral filler,

not including any substantial amount of glass fiber,
and

from about one-half percent to about 10% of an

abraslon-lmprovmg additive ‘consisting of a- poly-
olefin which is solid at room temperature.

2. A molding composition as in claim 1 in which the
asbestos is either chrysotile or crocidolite asbestos.

3. A molding composition as in claim 2 in which the
thermosetting polymer is a polyester-polymer.

4. A molding composition as in claim 3 in which the
other mineral filler is hydrated alumina.

5. A molding composition as in claim 2 in which the
asbestos is present in an amount not exceeding that of
the other mineral filler.

6. A molding composition. as in claim 3 which con-
tains about 30% resin system, about 15% asbestos,
about 50% of hydrated alumina, and from 2% to 5% of
polyethylene.

7. A molding composition as in claim 3 in which the
abrasion-improving additive is a polyethylene resin.

8. A molding composition as in claim 3 in which the
abrasion-improving additive is a polypropylene resin.

9. A molding composition as in claim 2 in which said
low-shrink additive constitutes from about one-half
percent to about 25% of the composition and is a poly-
merized thermoplastic compound which ‘is soluble in
said monomer or a compatible solvent intermixed
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therewith and which is not converted to a thermoset
material under the conditions of molding and curing
the composition.

10. A molding composition as in claim 2 in which
said low-shrink additive is a polymer of vinyl acetate
and constitutes from 5% to 40% of the resin system.

11. A molding composition as in claim 2 in which
said low-shrink additive is a polymer having a polymer-
izable CH;/=C= group and constitutes from 5% to 40%
of the resin system.

12. A molding composition as in claim 2 in which
said low-shrink additive is a polymer of a cyclic ester
and constitutes from 5% to 40% of the resin system.

13. A cured thermoset molding having both low-
shrink characteristics and high abrasion resistance,
composed of a composition as set forth in claim 1.

14. A cured thermoset molding having both low-
shrink characteristics and high abrasion resistance,
composed of a composition as set forth in claim 2.

15. A molding as in claim 14 in which the thermoset-
ting polymer of the composition is a polyester polymer.

16. A molding as in claim 15 in which the other min-
eral filler is hydrated alumina.
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17. A molding as in claim 16 in which the abrasion-
improving additive is polyethylene or polypropylene.
18. A molding as in claim 17 in which the low-shrink
additive is a polymer of a cyclic ester and constitutes
from 5% to 40% of the resin system.
19. A molding as in claim 17 in which the low-shrink
additive is a polymer of a vinyl acetate and constitutes
from 5% to 40% of the resin system. .
20. A molding as in claim 17 in which the lowshrink
additive is a polymer having a polymerizable
CH,;=CH= group and constitutes from 5% to 40% of
the resin system.
21. A cured thermoset molding having both low-
shrink characteristics and high abrasion resistance,
composed of a cured composition containing:
about 30% of a low-profile resin system containing a
free-radical initiated polyester polymer, a free-
radical initiator therefor, a copolymerizable mono-
mer, and a thermoplastic resin low-shrink additive,

about 15% of crysotile or'crocidolite asbestos and no
substantial amount of glass fiber,

about 50% of hydrated alumina, and

from 2% to 5% polyethylene.
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